Abstract. Oscillation properties of delaminated structures are governed by dissipative impact-like contacts in the debonded region. The contribution focuses on the numerical simulation of this special type of contact. A robust and efficient contact strategy is presented mainly based on the theory of sudden impacts embedded in Finite Element methods.
Introduction
Composite laminates are being increasingly used as primary structural components in various engineering fields due to their inherently high specific mechanical properties. Correspondingly, a major interest lies in non-destructive testing of the structural integrity, particularly in relation to the occurrence of delaminations between adjacent plies as one of the most common failure modes in composite laminates.
The need for quantitative global damage detection methods has led to the development and continued research into vibration based methods [1] . Investigations of the nonlinear vibrational response are promising for localization and to quantify the size of the delamination on a global basis. The nonlinearity arises from a local contact phenomena, the clapping mechanism. The delaminated layer and the remaining part of a sandwich structure periodically strike against one another during the oscillation [2] . This dynamic contactimpact problem has as the simplest approximation two pendulums which are simultaneously excited by harmonic base excitation [2], [3] . Depending on the frequency and amplitude of excitation, a cascade of bifurcations with intermittent windows of irregular motions and different numbers of impacts during one excitation period can occur [2] . The essential point in this scenario is its dependency on the amount of energy dissipation at each impact [4] .
In the following, a more realistic situation will be considered. The delaminated sandwich beam consists of two separated laminae with different cross sections. First, experiments are performed to provide a realistic reference for the oscillation behavior dominated by the continuously evolving lateral contact. Second, a mechanical model for this continuous system is proposed based on discretization into a system with multi degrees of freedom derived by Finite Element methods, whereas the fundamental challenge consists in the reliable capturing of the periodically appearing impact-like dynamic contacts within the stationary state of motion. It will be shown that standard procedures for contact modeling in FE methods as given by the penalty formulation are associated with a distinct sensitivity of the computed solution in regard to the regularization parameters to be chosen. In an effort to overcome these difficulties, a promising alternative approach of remarkable robustness is addressed for description of impact-like contacts which is mainly based on the theory of sudden impacts involving contact dissipation.
Experimental investigations
The mechanical system under consideration is depicted in figure 1 [a] . It consists of two laminae, whose shapes distinctly deflect from an ideal straight line in the statical stress-free state. Both laminae of length 685mm are clamped at the lower ends. The upper ends are free. The maximum width of the gap at the upper ends at rest is 12mm. Both laminae are made from aluminium. The cross-sections are 2 × 40mm (thick lamina) and 1 × 40mm (thin lamina), respectively. The displacements q 1 (x, t) and q 2 (x, t) at the distance x along the vertical at time t are absolute quantities. The base excitation A sin(Ωt) is harmonic with amplitude A and driving angular frequency Ω. In the following, the amplitude A = 2.5mm will be kept constant and only the frequency Ω = 2πf will be changed.
To characterize the properties of oscillations several sensors are used. Two optoelectronic position sensors give the distance of two corresponding LEDs to
